Background--Evidence accumulated that some glucose-lowering medications protect against cardiovascular events (CVEs) in patients with type 2 diabetes mellitus (T2DM) and established cardiovascular disease. The present study evaluated if and how glucose-lowering medication prescription pattern changes in T2DM after a CVE.
T he therapeutic armamentarium for the treatment of type 2 diabetes mellitus (T2DM) has dramatically expanded in the past 10 years. With several classes of glucose-lowering medications (GLMs) available and many different drugs for each class, the modern management of T2DM requires such an extensive knowledge of drug characteristics that it should be more appropriately delivered by diabetes mellitus specialists. 1 Because cardiovascular disease (CVD) is the leading cause of death in patients with T2DM, prevention of CVD has become a major goal of T2DM management. 2 On the basis of mode of action, preclinical findings, and pathophysiological studies in humans, many GLM classes were expected to exert protection against cardiovascular complications. Various degrees of evidence were available for pioglitazone, 3 dipeptidyl peptidase-4 inhibitors (DPP-4i), 4 glucagon-like peptide-1 receptor agonists (GLP-1RA), 5 and sodium-glucose cotransporter-2 inhibitors (SGLT2i). 6 Conversely, observational studies suggested that use of sulfonylureas may worsen cardiovascular outcomes. 7, 8 While such concern has never been confirmed in dedicated randomized trials, cardiovascular outcome trials (CVOTs) completed since 2013 have shown reasonable cardiovascular safety but no cardiovascular protection by DPP-4i. [9] [10] [11] [12] Initial findings raised concerns that DPP-4i might increase the risk of hospitalization for heart failure (HHF), 12 which has been subsequently ruled out. 13 While consistently increasing hospitalization for heart failure risk in predisposed individuals, pioglitazone was shown to be provided with potential pleiotropic effects against cardiovascular events (CVEs) attributable to progression of atherosclerosis. 14 CVOTs on SGLT2i performed mostly on patients with T2DM with established CVD cumulatively showed significant benefits against CVE, especially hospitalization for heart failure, and cardiovascular death. [15] [16] [17] Finally, although with some differences among the various molecules, CVOTs on GLP-1RA showed protection from CVE in patients with established CVD. [18] [19] [20] Despite strong evidence that SGLT2i and GLP-1RA improve cardiovascular outcomes of patients with T2DM with established CVD, the use of these GLMs in routine clinical practice remains relatively low, with a preference for sulfonylureas and DPP-4i. Based on results of CVOTs and on the new consensus report on the management of T2DM, 1 the prescription of SGLT2i and GLP-1RA should increase in patients with T2DM and CVD. On the other side, several studies support a link between hypoglycemia, especially severe, and adverse cardiovascular outcomes. 21 In addition, risk of hypoglycemia appears to increase after a CVE, 22, 23 suggesting that, especially in aged patients with T2DM with CVD, use of a GLM associated with a higher risk of hypoglycemia should be avoided whenever possible. Because application of evidence to clinical practice can encounter limitations and take time, we herein wished to survey whether occurrence of a CVE in patients with T2DM primed changes in the prescription patterns by diabetes mellitus specialists.
Methods
The data sets analyzed during the current study are not publicly available because of Society policy but are available from the corresponding author on reasonable request.
Study Design
DATAFILE (Diabetes Therapy After a Cardiovascular Event) was a retrospective multicenter study conducted at 12 diabetes mellitus specialist outpatient clinics in Italy. The study was promoted and supported by the Italian Diabetes Society as an audit of therapeutic appropriateness at participating centers. The protocol was approved by the local ethical committee of the coordinated center (University Hospital of Padova) and notified to the ethical committees of participating centers, in agreement with national regulations on observational retrospective studies. Patients' data were anonymized such that it was impossible to recall the identity of patients whose data composed the database. In this condition, according to national regulations, requirement for informed consent was waived.
Data Source and Extraction
Anonymized patients' data were extracted from the same electronic chart system at all centers (MyStar Connect, Me.te.da, Italy). A dedicated software was developed to interrogate the electronic chart and extract data in a clinical research form without manual intervention. We identified all cases of patients in each center with a diagnosis of T2DM who, between January 1, 2010, and December 31, 2018, experienced a CVE, as registered in the electronic chart. Patients were included in the analysis if they had at least 1 visit at the diabetes mellitus clinic before the event and at least 1 visit at the same diabetes mellitus clinic after the event, as recorded in the electronic database. The following CVEs were considered: acute myocardial infarction, stroke, or transient ischemic attack; new diagnosis of ischemic heart disease; new diagnosis of heart failure; and revascularization procedures (coronary, cerebral, or peripheral). In parallel, we identified control patients with a diagnosis of T2DM who,
Clinical Perspective
What Is New?
• Recent treatment algorithms recognize that some glucoselowering medications protect from adverse cardiovascular outcomes in patients with type 2 diabetes mellitus with established cardiovascular disease.
• In this study, we found that prescription of diabetes mellitus drugs did not change substantially in patients who experienced a cardiovascular event compared with those who did not, while prescription of drugs for the control of risk factors significantly increased.
What Are the Clinical Implications?
• Our findings that, after a cardiovascular event, there seems to be more focus on the control of blood pressure, lipids, and platelet aggregation than on diabetes mellitus drugs that have the potential to reduce the risk of event recurrence suggest that it will be important to actively promote the treatment paradigm shift bestowed by national and international guidelines, moving from the "treat to target" to the "treat to benefit" approach.
during the same period and in the same center as each case, did not experience a CVE, as reported in the chart. At the time of data extraction, for each case at each center, a matched control was searched in the center electronic chart based on the following variables and tolerance: same sex; age AE3 years; time since diabetes mellitus diagnosis AE3 years; hemoglobin A 1c (HbA 1c ) AE0.5%; serum creatinine AE10%; and follow-up time AE50%. When a match was not found, the case was retained in the study database. Because unpaired tests were used to compare the 2 groups (see below), the different sample size did not impact betweengroup comparison.
To evaluate to what extent missing matches affected the balance between groups, we performed a sensitivity analysis wherein cases without a control match were excluded. The primary objective was to compare the percent change in prescription of various GLM classes between the group of cases with CVE and controls without CVE. Secondary objectives were to compare (1) the change in the prescription of cardiovascular medications and (2) the change in parameters of cardiovascular risk factors and HbA 1c between the 2 groups. We performed a sensitivity analysis restricting the time window to the period when SGLT2i became available in Italy and favorable CVOTs were published (from January 2015 to December 2018). The electronic chart system records only visits at the diabetes mellitus outpatient clinics, thereby assuring that the prescriptions were made by the diabetologist or, if made by other specialists who followed the patients at time of the CVE, they were validated by the diabetologist at the followup visit.
The following parameters were extracted at both visits for all patients: age, sex, known diabetes mellitus duration, current smoking status, body weight, height, body mass index, waist circumference, systolic and diastolic blood pressure, heart rate, fasting plasma glucose, HbA 1c , total cholesterol, high-density lipoprotein cholesterol, triglycerides (low-density lipoprotein [LDL] was calculated using the Friedewald equation), 24 liver enzymes, serum creatinine (estimated glomerular filtration rate [eGFR] was estimated using the Chronic Kidney Disease Epidemiology Collaboration equation), 25 albumin excretion rate (as albumin/creatinine ratio in milligrams per gram). At baseline, we also collected information on chronic diabetic complications as reported in the electronic chart, including retinopathy and macular edema, peripheral or autonomic neuropathy, peripheral arterial disease and previous peripheral revascularization, diabetic foot, stroke or transient ischemic attack, previous cerebral revascularization, ischemic heart disease, or previous coronary revascularization. Detailed information on prescribed medications for the treatment of T2DM and concomitant risk factors were retrieved. Drug dosages were not available, nor was information on whether the patients actually took the drugs. 
Statistical Analysis

Results
Patient Characteristics
We identified 563 patients with a CVE: The majority were new diagnoses of ischemic heart disease (47.8%) and revascularization procedures (49.4%), followed by acute myocardial infarction (25.0%) and new diagnoses of heart failure (15.8%). On average, each patient had 2.1 diagnoses, the most common combinations being myocardial infarction, ischemic heart disease, and/or coronary revascularization. The matching procedure identified 497 control patients without a CVE, while 66 cases (11.7%) did not have a match on the basis of prespecified matching criteria. As shown in Table 1 , the 2 groups were well balanced for several clinical characteristics, including age (69 years), sex (73% males), time since diabetes mellitus diagnosis (14 years) and HbA 1c (7.7%). Although body mass index was well balanced, waist circumference was slightly higher in patients with than in those without a CVE. In patients with CVE, total cholesterol and LDL cholesterol were significantly lower, reflecting more frequent use of statins, and heart or peripheral arterial disease were more prevalent at baseline. Most common GLMs at baseline were metformin, sulfonylureas, DPP-4i, and insulin. Except for subtle differences in diet alone and metformin use, the GLM prescription pattern was similar between cases and controls. Rather, cases with 
Changes in GLMs
The mean and median follow-up time was 9.5 months in both groups. In the group of patients with CVE, prescription of metformin declined by 5.3%, while prescription of DPP-4i (+3.7%) and insulin (+2.8%) increased. Overall, the use of sulfonylureas or repaglinide did not change, but that of glibenclamide (glyburide) modestly decreased (À1.4%). In the control group without CVE, prescription of sulfonylurea/ repaglinide significantly decreased (À2.6%), whereas that of DPP4i significantly increased (+7.0%). In the comparison between the 2 groups, only the prescription of metformin was significantly different, with a decline in cases with CVE ( Figure 1 ). Since the 2 groups differed from some baseline variables, we performed multivariable regression analyses: the between-group difference in the change of metformin prescription remained significant after adjusting for lipid profile (À4.7%; P=0.041) or for the prevalence of ischemic heart disease (À5.1%; P=0.036), but was no longer significant after adjusting for baseline therapy with diet alone (P=0.109). We thus focused on patients who were withdrawn from metformin after a CVE (n=51). Patients no longer prescribed metformin at follow-up versus those staying on metformin (n=272) had a more marked reduction in eGFR (À5. 
001).
Overall, the number of GLM classes prescribed per individual remained unchanged in patients with CVE (from 1.7AE0.8 to 1.7AE0.8; P=0.954) and increased marginally in controls (from 1.5AE0.9 to 1.6AE0.9; P=0.007).
Restricting the analysis to the period from 2015 to 2018 yielded 129 cases and 125 controls with a similar balance of baseline characteristics as in the entire cohort. In this subanalysis, there was a slight decrease in the prescription of pioglitazone in patients with CVE versus controls (not shown). When focusing only on patients with poor glycemic control at baseline (HbA 1c >8.0%; n=185 cases and 154 controls), there was still a deprescription of metformin and an increase in insulin among cases and a decrease of SGLT2i among controls (not shown).
Changes in Cardiovascular Medications
In both groups, there were significant changes in the prescription of cardiovascular medications, with increases in statins, angiotensin-converting enzyme inhibitors, diuretics, and antiplatelet agents. In the comparison between the 2 groups, patients with CVE had a significant increase in the prescription of loop diuretics, beta-blockers, and dual antiplatelet therapy as compared with controls without CVE.
Changes in Parameters of Risk Factor Control
In patients with CVE, there were significant improvements in diastolic blood pressure, total and LDL cholesterol, and triglycerides, and a decline in eGFR. In controls without CVE, there were significant improvements in HbA 1c and triglycerides and a decline in eGFR. In the comparison between groups, systolic blood pressure and total and LDL cholesterol declined more in patients with CVE than in controls (Table 2) .
Sensitivity Analysis
After excluding 66 CVE cases not having a match among controls without CVE, the database was composed of 497 patients/group. The overall balance between groups did not improve as compared with the primary analysis ( Figure 2 ). The changes in the prescription of GLMs and of other therapies were essentially superimposable to those in the primary analysis ( Figure 1C and 1D) .
Discussion
In this analysis of therapeutic appropriateness in the real world, we found that occurrence of a CVE in patients with T2DM prompted marginal changes in the prescription of GLMs, with no increase in drugs provided with protective cardiovascular effects and no decrease in drugs with a high risk of hypoglycemia. Rather, there was a significant change in the prescription pattern of typical cardiovascular medications, suggestive of a more intensive control of risk factors. Consistently, patients with CVE showed an improvement in blood pressure and lipid profile but no reduction in HbA 1c , which remained suboptimal. Positive results of CVOTs published since 2015 are now being incorporated into guidelines 1 and medicine labels. With some very recent exceptions, such studies have been conducted mostly in T2DM patients with established CVD, and there is consensus that results cannot be automatically extrapolated to patients without CVD. 26 Therefore, one would expect prescriptions of SGLT2i and GLP-1RA to increase in patients with T2DM and CVD, for whom a clear benefit in the prevention of CVE has been shown. We designed the DATAFILE study to evaluate whether and to what extent occurrence of a CVE drove modifications in the prescription of drugs for the treatment of T2DM. The study was performed at diabetes mellitus specialist clinics, as general practitioners were not allowed to initiate prescription of DPP-4i, GLP-1RA, and SGLT2i in Italy during the study period. Extracting data from the databases of diabetes mellitus outpatient clinics assured that prescriptions were made or at least validated by diabetologists, and were not simply those made by the specialist(s) who cared for the patients during the CVE. Notably, we observed minimal changes in GLM prescriptions and none going in the direction of improved appropriateness. The significant deprescription of metformin may be attributable to the fact that some patients developed contraindications to metformin, such as renal impairment or respiratory failure during or after the CVE. 27, 28 This is suggested by the eGFR reduction observed in patients no longer prescribed metformin, although there was no patient with an eGFR decline below 30 mL/min per 1.73 m 2 . Because a wide range of observational data suggest that metformin can be safely used in patients with CVD and with CKD up to an eGFR of 30 mL/min per 1.73 m 2 , 29-31 metformin deprescription seems to reflect an inappropriate lack of confidence in the safety of this drug.
Internal validity of the analysis was demonstrated by the increased prescription of several cardiovascular medications in patients after a CVE, which was expected. When the analysis was restricted to the period when SGLT2i were available and CVOTs on SGLT2i and GLP-1RA were being published, still no increase in cardioprotective GLMs was observed. These results suggest that, while intensive control of risk factors is pursued in clinical practice, optimization of the GLM regimen is an unmet need in patients with T2DM after a CVE in a diabetes mellitus specialist care setting.
Some limitations of this study are intrinsic to its retrospective nature. There was no prospective data recording, the electronic chart was not linked to administrative data, and CVEs were recorded as reported by physicians. Thus, an eventual underreporting would imply that not all patients with incident CVEs were identified (eg, for peripheral revascularization, having the highest percentage of absence) and that some controls without a recorded CVE may actually have experienced an event. This may have caused an underestimation of the treatment difference between the 2 groups. Yet, even within the group of patients with a reported CVE, changes in GLM prescription were marginal, suggesting that underreporting of CVEs was not a major cause of the negative results of our analysis. Nonetheless, as typically occurring in retrospective studies on data routinely collected for clinical purposes, there was a substantial absence of data for other important variables. Although it was impossible to evaluate whether patients actually took the prescribed medications, the study focused on diabetologists' prescribing attitudes, thereby being unrelated to information on drug dispensation and compliance. Finally, we collected data only at 3 to 12 months after the event, and long-term information was not available. This is important because changes in medications for the control of risk factors (eg, LDL cholesterol) may be prioritized over changes in GLMs soon after an acute CVE. Furthermore, it should be mentioned that only 2 CVOTs enrolled patients soon (3-6 months) after an acute event, and they showed no cardiovascular protection by the GLP-1RA lixisenatide 32 and the DPP-4i alogliptin, 11 thereby making the urgency of changing the GLM prescription questionable. Nonetheless, therapeutic inertia has been clearly documented to worsen outcomes of patients with diabetes mellitus, 33, 34 which is important, especially in view of the fact that HbA 1c remained high. The reasons why HbA 1c did not decline in the CVE group are likely manifold and possibly include the choice of less ambitious HbA 1c targets because of (1) concomitant use of drugs with a high hypoglycemia risk (sulfonylureas and insulin), (2) comorbidities (mainly chronic kidney disease and CVD), and (3) patients being considered more fragile after a CVE. Altogether, a cautious approach in the treatment of these patients emerges along with a limited awareness of the beneficial cardiovascular effects of SGLT2i and GLP1-RA. It should be noted that some reimbursement restrictions imposed on GLP-1RA and SGLT2i during the study period may have prevented the prescription of these GLMs to patients who could have benefited from protection against a CVE and death.
The study also has remarkable strengths: Patients were well characterized in their clinical profile, with detailed clinical information that is not available in registries or administrative databases. In addition, the match between cases and controls was good, with only variables directly related to CVE being unbalanced at baseline.
The present study advocates a call to action for stakeholders involved in diabetes mellitus care. Results of CVOTs available since 2015 should drive a paradigm shift in the treatment of T2DM, with more focus on cardiovascular prevention. We acknowledge that such a paradigm shift, bestowed by national and international guidelines, is still under way, and we will resurvey the situation in the future to monitor this unmet need.
